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SIMMER-II Analysis of Simulated Core Expansion Experiments
at Purdue University

Satoru Kondo* and Junji Aoyagi¥#*
ABSTRACT

In the analysis of a core expansion (or postdisassembly expansion)
phase by the SIMMER-II code, 1t was shown that there exist various thermo-
hydraulic phenomena available for mitigating effectively the mechanical
energy released In a hypothetical core disruptive accident. To utilize
SIMMER-II as a standard tool in future safety assessment, the experimental
validation of the code is crucial especially on the energetics—mitigating
effects.

In this study, a series of simulated core expansion experiments
performed at Purdue University was analyzed by SIMMER-II as the first
effort of the code validation program in Japan. In the experiments,
either the nitrogen gas at room temperature or the flashing water at high
temperature was injected and expanded into the water pool simulating the
outlet plenum of the reactor vessel (a 1/7-scaled model of the Clinch
River Breeder Reactor vessel).

In the analysis of the nitrogen expansion experiments, SIMMER-II
could reproduce the experimentally measured slug impact time without
adjusting input parameters. This means that the overall fluid-dynamics
model of SIMMER-IL is valid. 1In the flashing water expansion experiments,
on the other hand, SIMMER did not reproduce the experimental data very
well due to the presence of complex rate—limited processes including heat
transfer and phase transiton. This discrepancy is ascribed to lack of
modeling the entrainment phenomenon occurring at the interface of a vapor
bubble. The effect of the entrainment is very important since the
entrained cold liquid efficiently enhances the vapor condensation and
hence reduces the slug kinetic energy. It was shown that this effect can
be approximated by increasing the heat transfer coefficient between liquid
components. Obviously, this result cannot be directly extrapolated to
the reacor condition, but {implys that the nominal SIMMER parameters are
conservative from the energetics point of view because of underestimation
of the vapor condensation.

Currently there is only a limited experimental data base in this
area and hence this kind of experiments on the dynamic behavior of a
vapor bubble in a cold pool should be continued. Furthermore, the SIMMER
validation experiments are highly necessary on the effect of the upper
core structure which 1s expected to have a large potential of energetics
mitigation.

* Reactor Safety Section, FBR Safety Engineering Division, O~arai Engineer-
ing Center, Power Reactor and Nuclear Fuel Development Corporation.

#*% presently with FACOM-HITAC Limited.
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Scaled schematic of the test section including termi-~
Dimensions (¢ = diameter, h = height,

nology of key components.
d = thickness, all in cm)

: Cylindrical Section ¢ = 91.4,

h = 123.8; O-ring Holders d = 1,27; UIS ¢ = 27.6, h = 40.6;
Clearance, S-series h = 5.0, DS-series (initial) h = 1.0 cm;
Vacuum Holders, VHl ¢ = 14.94, h = 20,3, VH2 ¢ = 11.43, h = 21.6;
Blowdown Nozzle Section ¢ = 12.24, h = 22,8; Diaphragm Holder

d = 0.6, Pressure Vessel ¢=30.5, h = 30.5; Plunger ¢ = 1.3,

h

45,7; Vent Line ¢ = 0.6, Overflow Line ¢ = 0.6.
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Fig. 3-1 Schematic of Test Section of Omega Experiments

[Ref. (17)]
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Table 3-1 Overall Experimental Program of Omega Experiments

[Ref. (17)]
Discharge Fluid/
Run_Series Mode of Thermal Interaction with Pool Liquid
I- Cold Gas/Interphase Heat Transfer
II- Hot Gas/Interphase Heat Transfer
III- Vapor/Condensation
iv- . Two-Phase (Liquid-Vapor)/Condensation
V- - - Two-Phase (Liquid-Vapor)/Condensation-Vaporization
Prefix ' Description
T- Test Discharges to atmosphere
5~ . With Stationary UIS
DS- With Dynamicallf Responding UIS

PNC 85 2 355
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Table 3-2 Experimental Conditions of I-Series Experiments
[Ref. (17)1]

- Nitrogen Discharges into Water -

Run Initial Vacuum Diaphragm

Humber Pressure Air Gap Holder Opening Area
(MPa) {cm) : %)
*I-4 0.775. 4.5 VHl 100
*T-5 1.456 4.5 VHL 100
#1-6 1.456 4.5 VHL 100
*1-7 1.456 4.5 VEL 100
#1-8 2.136 4.5 vHL 100
#1-9 1.456 9.5 VHL 100
1~10 0.775 0.0 V2 . 100
1-11tt 1.456 4.5 VH2 50
I-12 2.136 9.5 VHL 100
I-13 2.136 4.5 ' VHL 50
I-14 2.136 . 4.5 VEL 50
x5-I-1 1.456 9.5 VHL 100
3 ) 1.456 9.5 vHL 100
#5-T-3 1.456 9.5 VHL 100
DS-I-1 2.481 9.5 VHL 50
DS-I-2 1.800 | 9.5 VHL 100

*Experimental runs reported previously.
TtWater-filled blowdown nozzle (upper half full only).

PNC 85 2 357



Table 3-3 Experimental Conditions of IV-Series Experiments
[Ref. (17)] |

- Steam-Water Discharges into Water -

Initial
Run Initial Vacuum Nozzle Void Diaphragm
Number Pressure Air Gap Holder Region Fraction Preboil Opening Area
(MPa) (cm) (%) (%)

*1v-9T 2.136 9.5 VH1 Alr 16.7 Vent 100
*#IV-10 2,136 9.5 VH1 Adr 9.7 Vent 100
*1v-11t 2,136 9.5 VH2 Air 16.7 Vent 100
*TV-12 2.136 9.5 VH2 Air 16.7 Vent 100
*IV-13 2.136 9.5 VH2 Vac 9.7 None : 100
*TV-14 2.136 2.5 VH1 Vac 9.7 None 100
*IV-15 2.136 9.2 VH1 . Vac 9.7 Vent 100
*IV-16 2.136 9.5 VH1 Vac 9.7 Vent 100
*IV-17 2,136 9.5 VHI1 Adr 9.7 Vent 100
*Ty-18 1.456 9.5 VH1 Vac 46.2 Vent 100
*#IV-19 2,136 9.5 VH2 Vac 9.7 Vent 100
*TV-20 2.136 4.5 VH2 Adr 9.7 Vent 100
*IV=-211F 2.136 9.5 VH2 Air 9.7 Vent 100
V=221t 2,136 5.3 VH2 ' Air 9.7 Vent 50

Iv-23 2.136 9.5 VH1 Alx 20.0 None 100
IV-24 2,136 9.5 VH1 Alr 20.0 Vent ' 100
*5-TV-1 2.136 9.5 VH2 Air 9.7 None ' 100
*5-IV-2 2.136 9.5 VH1 Vac 8.7 None 50
DS-~-TV-1 2,136 9.5 VH1 Vac 9.7 Vent 100
DS-IV-2 2.481 9.5 VH1 Vac 9.7 Vent 100
*Experimental runs reported previously. PNC 85 2 358

TWith CIS, 36 aluminum rods,
TTWater—-filled blowdown nozzle (upper half full only).
tH1Equipped with 4 cm blowdown nozzle extension.

¥ — 68 196 NS ONd



Run
Number

V-1
V-2
V-3
V-4

§-v-1

Ds-v-1
DS~V=-2

*Traces of volatile component present. Not saturated conditioms.

Table 3-4 Experimental Conditions of V-Series Experiments

Initial
Pressure
(MPa)

2,136
2.136
2.136%
1.868

1.456

2.481
2,481

[Ref. (17)]

- Steam-Water Dischérges into Methanol (W/M) -
or
-~ Ethylene Glycol Discharges into Water (EG/W) -

: Initial
Vacuum Nozzle Void Diaphragm
Alr Gap Holder Region Fraction Preboil Opening area
(cm) (%) (%)
9.5 VH1 Air 9,7 ‘None 100
9.5 VH1 : Vac 9.7 Vent 50
9.5 VHL Vac 20.0 Vent 50
9.5 VH1 Vac 20.0 Vent 50
9.5 VH1 Vac 9.7 None 100
9.5 VH1 Vac 9.7 Vent 100
9,5 VH1 - Air 9.7 Vent 50

Fluids

WM
w/M
EG/W
EG/W

W/M

W/M
WM

PNC 85 2 359
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VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 0. 00 us TIME 2. 00 MS

1 I

W 'l i
MIN= 9, 97E-03 MAX= 1, 00E+00 CI= 9. 90E—02 MEN= 9. 97E-03 MAX= 1. O0E+D0 CI= 9. 90E-02
VOLUME FRACTION OF VAPOR VOLUKE FRACTION OF VAPOR

TIME 1. 00 MS TIME 3. 00 MS

[
i3 I

CI="9. SOE—02 MIN= 9, 97E-03 MAX= 1. OOE+00 CI= 9. 90E—02

MXN= 9. 97E-03 MAX= T OGEFO0
PNC 85 2 360

Fig; 4-1 Bubble Expansion Behavior Calculated by SIMMER-II
for Test I-7
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VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 4. 00 M8 TIME 6. 00 MS

' i ‘ i
MIN= 0. 97E~03 MAX= 1. 00LF00 CI= U ODE-02 MIN= 9. 97E-03 MAX= 1, DOLF00 CI= ©. DDE-02
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Fig. 4-1 (continued)
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Fig. 4-1 (continued)
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Fig. 4-1 (continued)
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Fig. 4-1 (continued)
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Fig. 4-2  Void Fraction Distribution Calculated by SIMMER-II
for Test I-7
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Fig. 4~2 (continued)
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Fig. 4-2 (continued)
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Fig. 4-2 (continued)
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Fig. 4-2 (continued)
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Fig. 4-4  Comparison of Liquid Slug Displacement for Test I-7
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Fig. 4-5  Comparison of Liquid Slug Displacement for Test I-8

- Experiment
— SIMMER-II

lIlllllIl{il[rl’llIII[I'Illlill]lllllllll!llllllill

5 10 15 20 25 30 35 40 45 50

Time (ms)
PNC 85 2 373

Fig. 4-6  Comparison of Cover Gas Pressure for Test I-&
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Fig, 4-7 Comparison of Cover Gas Pressure for Test I-7
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Fig. 4~8 Comparison of Cover Gas Pressure for Test I-8
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Table 4-1

Test Source Experimental
Pressure Slug Impact

{MPa) Time (ms)
center edge
I-4 0.775 23.4 24.1
-7 1.456 1641 16.4
I-8 2.136 13.7 14.4

Table 4-2 Change

Test

I-7

I-8

Source Time* Isothermal Isentropic

Pressure (ms) Pressure Pressure
(MPa) (MPa) (MPa)
0.775 24.0 0.683 1.465
1.456 16.0 1.390 3.963
2.136 13.0 1.541 4.577

SIMMER-TII
Slug Impact
Time (ms}

24.4

13.4

Experimental
Peak Cover
Gas Pressure

(MPa)

center edge
1.28 1.32
2.68 2.71
3.85 3.89

SIMMER-IX

Pressure

{MPa)
1.011

3.024

4.367

* selected shortly before slug impact.

Comparison of Slug Impact Behavior in I-Series Experiments

SIMMER~IT
Peak Cover
Gas Pressure
{MPa)

1.02

4.04

PNC 85 2 376

of Thermodynamic State During Cover Gas Compression

Evaluated
Polytrope
Index*#*

** simulating cover gas pressure calculated by SIMMER.
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PNC SN 941 86 — 44

THICLDRBTES, BRENEILE & A/N—F AP~ DEREHED entrainment it & b,
Hoi—H R OEHIREESNE ORBIKAFESNEENPBESE-RTH S, TOHR
&, 257 DREENKREVE (05, PHEANSOE) RELB5H, PHESIOGVH
BRI ERRERIT & DEMRKEL B> TR ERE S, #-T, SIMMER-I TRESIAR
B3 0BO I 7 o HBEREFVLERTOR O, TOEETEA ¥2¥7 MESD
B-FEEBC EE3HHKL D, SIMMER DERELDERT -5 ICESH S0, A8 —
HRZOEHE (F—VOKR~DEZHE) 284 &ETEUT AT EEFRETH 5. RIERITHE,
LR, REAAMEEGRRE DS A s 2RI TA LRIV I BENEFETETS
5o

L L, KRE TR ORBKE/ T 2 -5 OFBEIT-> TRV, TOHEE, SO
IBHOEELEENEHL ETHRER S FOBHTHY, BEORTHEEBBTTE AN
—HZOEEFEBEL TS (A= FTROEFCLIZ 2 v —EROI VY Y P EWMSNW
V) TELSEOBEENENIHTHS, #-T, REEBOTS, 1 vy FEOAGKE
W43 o & @RP D BWHIE S, VY —X, VYU —XORIFICECTsThE Lok

S ETfTHIE N,

4.2.5 1 XTESRHEOHLE

FRICBD S N, #/ R DEHERE, BREEA UL, BEKZ 7 7 OWRICd B EETH
BN 5 7 OBEHICENI B ENTES, £ L TERETHEHSIMMERIC X551 RER %
1 R OESRT L BT 5, 20OBR, SIMMERTCIHES /R 7 7/ OEGOEZS = EH
Mo BRMICEET S T EMNTE S,

ihkz s yroEs 2L, BELe, #EE 0, EARE AN —HRDENEPs, P £T5
L2 5 S OBEBHERXERATEDE NS,

_ du
Pg—P, = polLg + PL—d:L_—

o5 R RSV, D5V —AV DT BRI, EABKRDSVs 5OV AV T 5
EEEEULT, FRERGT B LIRREB B,

J

Vs Ve

VW Ve WV

1
PSdV—j P.dV= Mgz -%-TMu2

T, MiZiEh= 5 70BRE, 7 2EMTHY, VA (ARKERE) cbiLlbTES, C
Ot iE, EHROEEC L 2EMIMLES, HN—FTADERLE, BER S FORT V¥ r
WERNE—, RS TBEHT ANF —CEBRINZ LB R T DL, 2oLEH, ETR



PNC SN 941 85 —44

BRUOAAN—HRDREZRHWHRELTHELEET S L, EROTVBEEEACTEED
AVIZH LTHEARR 7 7 OBB = v F —5HETE 5, HEE, (WEHEOVEE A THEE
27 7 EMEY B85, RQFENEOATZN, ZVEOBEET —BIIEE LBICZ 5 754
TRIEE, D2ODr— ROV TT 270 BiFR/ ANVEOEREEEE Lz T Sic w3,
SIMMER TitHE N7 R 7 V OEB = 2 V¥ — 5 KH 0 1 IRGCE SEIFE i LR s,
Fig. 4 — 9 lLiRd, CHBAPS, SIMMER CHESNAZEH T 2 0¥ -2, / I 4EE
L7 1RO ekl £ FFIB—BLTWB L & pH 3, 20T & 3T SIMMER -1 o
— FORENFETVOZANERT 20CINA T, EERBITFOIE, L b EBNEHRER

LTWa, Blb, Fig, 4 —9T/ ANVEDREEEETEC I DER avEF—pikx
ERsNnT05 0L Rk, ERICBYIFLEREREICEN TS, FORBLUETIERE
T E5HRA FEMEHB L CoFBERIC L 2EAORBIC L DiEER 7 75 BREd 3 FHE
BEHLETL, TOERR VBRI A VF -HERSNECERES,

426 1 U—XBIFOER
SIMMER— Tt &5 | ¥V -XABOBITIC L DB O T EREREDTICE L0 5,

(1) N:XEDIWAREKT— VR 7 FOMBICBAL T, R 554 250 MER (B —F2E
e —r iES B ETOER) oKL S &, EEB—» & SIMMER-T i€ & 5 ikt
BiBEFseic—8 L.

2) FATI5L577F+—d 26/, /ZAVBLED VAT 75 LBLEOEBITEHL
B, TOPHREFFEDICEEIONS,

(3) SIMMER~I D EFN/NT A — 8 %FHid 5 L ERERTBETE 7225, SIMMER
DNEENSRETEEFVOERERIBFRII SN EELTRO,

(4) AAN-FRENCEALTHE, BALADONAEEEADH N —H 2 HEMICER SN 3 B0
SERETHI 7 vfiBE (ZRTRANK Taylor AEEIT L 5 entrainment DFEAEE £
DFER D H S~ FZOWHD) EBUIC = FERERLEORYD, FAEHEERETS

CabEd T & BHRT0. B UEEEE OIS, S DEEE O,

5 1RTEE=FVICLBRITTIE, / A VBEE (AEXILERE) 78 L ComiEd
OEELOFHRICE D, EERIC 7~ 2IET 3 EASHBLE DRTICE TSN 3 T &8
Mot CHBEBOFLERAERL B THRLANNEELICE TS £4 FEREFAL
TES MHERDHRSES = 2 0¥ —ERICE L CHECEETH S T LE2E8HKT 5,

43 VI U—HBERORF
V)R, S8 - SFEOK -KEJESWEZENKT — el « [BiEsH 5

KBRT, 1Y) ~XTRIEFEEE N > TORREIZNEBECMAT, BEADT75 v vV 2,



Slug Kinetic Energy (KJ)

| ] ] 1 I
0

15

Test I-7

— SIMMER~II

1D calc. w/o nozzle

‘\
— 1D calc. w nozzle ! ;

|
10

' 20
Time (ms)
Fig. 4-9

Comparison of SIMMER Calculation with Simple
One-Dimensional Model

PNC 85 2 378

Py — 68 T#6 NS ONd



PNC SN 941 85— 44

%ﬁ@@@ﬁ%mﬁ%ﬁﬁ%tﬂ%ox.%%Wwﬁﬁﬁﬁmﬁﬁk%btﬁﬁﬁﬁﬁﬁﬂm
@mwmmmmmﬁiﬁ%énfﬁDm{C@W&Wﬁiﬁtﬁéo%ﬁHWWKH,Eﬁg
BADTH OB EEREOREBICHTBH -1 L 5T, BIAFERELADEV V) —ZDhT b
BENARTH 3, BUEHBRDLL - tced, EHBEOTHRFEAZ A —FETHTER
T&EIL o1,

SIMMER-I o — F TR AENHEERE 1 BOSAOEERDMEGENERTE 3, Vv ) —
ZiTH BK/IKRFODEREFNT 2RI}, WEER—RKTE LTI LHEE 2RARNE
BELTHI FEN2ESEIONS, AMETH, AT 6HOEBRINL TE—ROHEZTO
R ETO, RIEV - 1TBRICBEA L C2RAROBIR &S O - FMBHT 2175,

431 HBHEFETILTORK
ENBEEANOEERKE - vOERKER—KSE LTEFMEL, V—12, 16, 17, 18,
19, 20 D6 RERDERERML 120 R 7 74 30 FBBIOEBREDHB % Table 4 —3 &
Rde | V) —XHRTEDLESO&EHEH, HENB(REBEL TS 025, k=
7V OEBCEL TR, 27 7OEMOEREOHE T 2hDHERE DHE % Fig. 4—10
(V—-12), Fig. 4—11(N—16), Fig. 4-12(N—17), Fig. 4—13(NV—18), Fig. 4—14
(V=-18) 2 Ehmrd. L LORE (ERT— 5 AEEET7 4 Vb oFHLTH S8

BEPREVCEFBZIONDRKEZLOEZIHZ 0O, 2BFIMEMER—HLTHE60EE
AoNB, LMTERRT 74 w0 PERPEC—BLUATEEHELTV S, BLnER
5 A—4 5EMEE TS (Table 3— 38R Kbbhdbbbd, X7 70EHE 53 IcHE
LTWabnEELIOND,

ZZTHEBINEAE, V- 16 RT3 Fig. 4-11 Thd, EBRT— ¥ (3 2 K DMHE
TRENTOEH, BfRE 7 - ViEEO ERFHEL TR R 7 70BN (EREROEBROE
BicfEY) Tho, | AEBE TR LR ESEOSBEROES L EEIC R 5 FERkiL
f26MDTHb, CLEEKBORAORES 7 —ViEEO LAY EIGENT &2 ERL TV,
ZOZEE, [UERHEICE O THEBRENSEIIEAN entrain SN EICEB5NDTH5, 2
ONF—FFERKEEE 7 4 vAPOCHEBLIZbOTHBILOFRAERZERENEEZD
5, entrainment BRI BTEEFHEO B LRIFHELLENTHE L L bETSE
3o ELAT, ZERILBTE N VADEHERTHS | v ) —XBRICBOTHE, TORRE
K entrainment FEHB SN TR0, TOT & i entrainment BEH Taylor DAL
SEME ORI KNSR HHROAIL LB bOTREL, FATEIORBESEROBELIY
BRSEHEREHSEAS L TS EEESEERE VW LETRT HDOTH 5,

EBEN DI ED S entrainment DXRHSEBEREIOE, SENESIEN ICERK B O
AENB LTk, [UKEOSIRINGH, EETHED, ZalilER 7 7 DEH L 1 v



PNC SNO41 85 —~ 44

Displacement (L/L)

Table 4-3 Comparison of Slug Impact Times in IV-Series Experiments
(SIMMER Calculations with One-Component Model)

Test Experimental SIMMER-II
Slug Impact Slug Impact
Time {(ms) Time (ms)

center edge

IV-12 - 23.0 23.5
IV—16 31.4 3205 28-3
Iv-17 26.0 26.5 27.6
IV-18 28.5 29,3 33.6
IV-19 26.3 26.9 24.2
IV-20 19.2 19.9 17.2
PNC 85 2 379
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Fig. 4-10 Comparison of Liquid Slug Displacement for Test IV-12



PNC SN 941 85 — 44

Displacement. (L/L, )

Displacement (L/L )
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Fig. 4-11 Comparison of Liquid Slug Diaplacement for Test IV-16
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Fig. 4-12 Comparison of Liquid Slug Displacement for Test IV-17
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Fig. 4-13 Comparison of Liquid Slug Displacement for Test IV-18
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Fig. 4-14 Comparison of Liquid Slug Displacement for Test IV-13
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Table 4-4 Comparison of Slug Impact Times in Test IV-17
(Effect of Numerical Thermal Mixing)

Model Numerical Slug Impact
Mixing Time (ms)
one-compeonent ves 27.6
two-component no 20.1°
experiment - 26.5
PNC 85 2 385

Table 4-5 Comparison of Slug Impact Times in Test IV-17
(Effect of Liquid-Liquid Heat Transfer Coefficient)

Liquid-Liquid Slug Impact
Heat Transfer Time (ms)
Multiplier
i 20.1

10 23.1

102 25.7

10° 26.8

104 27.0

105 ' 27.0
{ Experiment) 26.5

PNC 85 2 386
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Fig. 4-15 Effect of liquid-Liquid Heat Transfer Coefficient on
Slug Impact Time for Test IV-17 (Calibratiomn of
SIMMER Model to Simulate Entrainment Phenomenon)
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VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 0. 00 MS TIME 2,00 MS

MEN= 1. 49E-03 MAX= 9. 99E-01 CI= 9. DBE-02 MIN= 1. 49E-03 MAX= 9. 99E-01 CI= 9. 9BE-02
VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 1. 00 MS ' TIME 3. 00 MS

MEN= 1. 49E-03 MAX= 9. 99E-01 CI= 9. 98E-02 ' MIN= 1. 49E-03 MAX= 9. 99E-01 CI= 9. 9BE-02

PNC 85 2 388

Fig. 4-16 Bubble Expansion Behavior Calculated by SIMMER-II
for Test V-4
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VOLUME FRACTION OF VAPCR VOLUME FRACTION OF VAPOR
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PNC 85 2 389

Fig. 4-16 (continued)
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VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 8. 00 Ms : TIME 10. 00 MBS

MIN= 1. 49E-D03 MAX= 9. 89E-01 CI= 9, 98E~02 MIN= 1, 49E-03 MAX= 9. D9E-01 CI= G 9BE-02
VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 9. 00 MS TIHE 11. 00 MS

HIN= 1. 49E-03 MAX= 9. 99E-01 (= 9. O8BE-02 MIN= 1. 49E-03 MAX= 9, 99E-01 CI= 9, O8E-02

PNC 85 2 390
Fig. 4-16 (continued)
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VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 12. 00 MS TIME 14. 00 MS

MIN= 1. 49E-03 MAYX= 9. 99E-01 CI= 9. b8E-02 MIN= 1. 49E-03 MAX= 0. 09E-01 CI= 9. 9BE-02
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PNC 85 2 391

Fig. 4-16 (continued)
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YOLUME FRACTION OF VAPOR VOLUKE FRACTION OF VAPOR
TIME 16. 00 M3 TEIME 18. 60 MS

==

MIN= 1. 49E-03 MAX= O, 00E-01 Ci= @ OBE-02 MIN= 1. 40F-03 MAX= 0. DUE-01 CEI= O 0BE-02
VOLUME FRACTION OF VAPOR VOLUNE FRACTION OF VAPOR
TIME  17. 00 MS TIME  19. 00 MS

e e

MIN= 1. 49E-03 MAX= 9. 99E-01 CI= 9. 98E-02 MIN= 1. 498-03 MAX= 9. 99E-U1 Ci= 9. 98E-02
PNC 85 2 392

Fig. 4-16 (continued)
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VOLUME FRACTION OF VAPOR - VOLUME FRACTION OF VAPOR
TIME  20.00 MS TIME  22.00 MS
—— ==

MIN= L 40E-03 MAX= 9. 90E-01 CI= 9. DBE~02 MIN= 1. 49E-03 MAX= 9. 99E-01 CI= 9. 98E-02
VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 2100 MS , TIME ~ 23.00 MS
—— ———————

MIN= 1. 49E-03 MAX= 9. 99E-01 CE= 9. 98E-02 MIN= 1. 49E-03 MAX= 9. 99E-01 CI= 9 98E-0Z2

._PNC 85 2 393

Fig. 4-16 (continued)
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VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 24. 00 M5 TIME 26, 00 MS

% ——

WIN= 1. 40E-03 MAX= O, QUE-01 CI= 0. D8E-02 MIN= 1. 49E-03 MAX= 0. 99E-01 Ci= 0. 9BE-02
VOLUME FRACTION OF VAPOR VOLUKE FRACTION OF VAPQR
TIME  25.00 MS TIME 27 00 MS

=

MEN= 1. 49E-03 MAX= 9. 99E-01 CI= 9, 98E-02 MIN= 1. 49E-03 MAX= 9, 99E-01 CI= 9. 98E-02

PNC 85 2 394

Fig. 4-16 (continued)
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VOLUME FRACTION OF VAPOR VOLUME FRACTION OF VAPOR
TIME 28. 00 MS TEME 30. 00 MS

MIN= 1. 49E-03 MAX= 9. 99F—01 CI= 8. 98L-02 MIN= 1. 49E-03 MAX= 9. 00E-01 CI= 9. 0BE-02

VOLUME FRACTION OF VAPOR
TIME 29. 00 MS

PNC 85 2 395

MIN= 1. 49E-03 MAX= 9, 89E-01 CI= 9, 9BE-0%

Fig. 4-16 (continued)'
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Fig. 4-17 Experimentally Observed Bubble Expansion Behavior
in Test V-4 [Ref. (17)]
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Fig. 4-18 Comparison of Liquid Slug Displacement for Test V-4

Table 4~6 Comparison of Slug Impact Times in V-Series Experiments

Test

Experimental

Slug Impact
Time {ms)

center

28.2

28.8

edge

28,3

29.1

SIMMER-II
Slug Impact
Time (ms)

24.0

29.6

Experimental
Peak Cover
Gas Pressure
(MPa}

SIMMER-II
Peak Cover

Gas Pressure
{MPa)

PNC 85 2 398
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Fig. 4-19 Effect of Liquid-Liquid Heat Transfer Coefficient on

Slug Impact Time for Test V-2

P —G8 T¥6 NS ONd



PNC SN 941 85 — 44

SIMMER i# — i #{z:% T £ 3 Entrainment O

Test wok EES - SIMMERE — ##4{z
(FiR—EiR) (MPa) ERE RN

NV -17 A& —7k 2.14 ~ 200

V-2 K—2r%/—n 2.14 ~ 30

V— 4| zFLrvdma—n—K 1.86 ~ 1

SIMMER ®# —# (BIIEFETORERE—ERFK) BozERECHT 5
multiplier % entrainment i€ & 25 HHFRIRO O DPEI NG A -5 EELTEHRTH S
2, BRTE2TOr — 2R LTEA—N7 A - s OETERTI LB TERY, Zhid
entrainment REH, MHES, HiEDE, EREONBEEFNEN P77 —nEE
&) SRELASNABUYNBHETHB-0TH b, COEIRELAD S Omega RER DR~
P w2 2ERELTA5E, B3 LHRARRREZ A N — LI LTEARSEHOHET
entrainment HR EERIICIBET 20T LEER LT,

V—2RBRIcBI 5 ERATE (D5 —n) OEROHECHEL TE, ERNIT
HAY ) —WDBERROHBREBFHICHLATHR WL, SIMMERIC L B3IFTH&N ) —XIC
HARTAEREROEZEZRONTONMO, V28RV V) —XFkIC, HRELTES
RREOEHODRANIENTD -1 ELLN B,

4.4.4 Vi U—XBIFTOHER
Vo) —xict LT, 2 20BBOMBIT LhiT> Toiivnin, 49 L 6EHBMNEERE

BlEHT CEETELRVDY, LEORFBREELDHLLFTORICHERTE 5,

{1} Omega REENV ¥ =X, FMEREEAROG TERUADFHEE RO DO
HERTH 5. ERFLHEICTTIRBERIE LTS, DEOMEEILL 2FE0ES, B
Kt ENENACERT 2 600, HE0ERNEORCPEHFERCEEARIFTTEDOTH
B, #HRELTEBLCED, ER~0AFELRITT 5 LTCRARTH S,

2) V) —ZXiBHTHN V) — XERICKIEAEIC B 5 entrainment FAIC & 5[5
HMOBRERHBBEELDTY, SIMMERICE ZEBT v —EFNRERFT T LTHEREL
AP '

@ 23 7yOFEHTANF-DERELT, RF754 57 PEEEEET L, V- 285
TRFFOEG A msiE <, V—4HBRCRBERBOEIE NS, V) =XV -
17 KB BRI, SRFE—ERREE OBIZEFR ORI L 5 entrainment DR D
B ETD CLHFETH D,



PNC SN 941 85—44

4) T OEORBGE (BEEREICHT 5 multiplier ) &, HEE L3 >0HE (V- 17,
V=2, V—4) & LTR - B &M - 1288, THid entrainment DEHRH 3 > OHERT
BoTOl EBRT 2, 8554, MSHOHEERNELT, VYI-XTRIA47T
77 LDFBEMNOBTH S EVIRRESGLY), BEROUBERERNETSS, X, KL
Vo) —~ZXDREMAY /-y 7Ly ) a—-mitiLTEREN IFT o0
WHOREENTEES O,

{5) SBIOHEFOEBANT, entrainmentIHE (EHMITOILIGH S BRSEOERICK 5:#
B x ¥ - 0ERSHE) SPHEOHERICLDELGSNS, L0HEREHTOREHTS
%90 entrainment HESYHEIC L 2BE WAL, WSS (B, SEREOH
HBE, EEREDY 77 —VE, MRkOWEESZ{ DT 75 —REBEShBELEX
LNBIHTHbBa

(6) entrainmentHFRE L VBERMNPOERMICER L TITL 7oK, PROSBLERF
— I R—RDFEEBRARTH D, SEORESEBITE S Sl d 2480555,



PNC SN 941 85—~44

5. & W

SIMMER-1 7 — Fic L 2 EEREC B Y 2 BH = A v F —BREMHEROBRENO—H L LT,
T i1 E THBHICHBRFOTHN T Purdue KE® Omega HER % SIMMER-I = — Fic
KO Lico —BEOBITOBRBONATELHEREUTRE LD S,

(1) =8 - fEE{EZE D rate — limited process 2 & 4 (> SIMMER-1 Ok ¥ 7 V23

ERIEINAEZEITR D,

(2) HoN—HREAOETICEL T, AU LEEOIEREEN RSRHICERS Q5 BITR
HTentrainment BFEE L, A RHBEHENIDESEBIKREINTHSY, Thid
SIMMER 2 — F Tl € FLERTOR G, BEOEREBRTE -2 0FENBE
HICLE 25 VEB AT —OHODREIERLTOEOOT, SEOBITTE /39—
HZEADREREHE UL 1

B SEHECENFRTE, SRAE02HRREERAEKE OROESR, FFCESKOEHE
KEESGQEREANDETE ZOREDBE T A VF — DERSEEL K5, X5 ICERMNIC
i3, KEERICBIT S entrainment DFEAEHSRE SN TS, entrainment BF DORK
Taylor ORLEW OBRISHPICRETIENTHRENAL, RIADERHORE—EORIC,
L 0EHWEESASES LT 3TN B0, X, entrainment DEHRIE, WHHBEHE S,
W HRE, RERER 0mBss (B, 72 -EE), Ukl FE 005
CHEEINDEELZ DN D,

(4) entrainment @B, ZHEREZAD 2HEKARCERREOCEHESTNVAENLT &
kb, SHREE - EABETL, 20ERX s 7OmEPINFSH, EHzarFyF —5E
BaEh3, t0OETHbOLNS, entrainment BFEZERAED SIMMERTE ®Fv{banT
WA, ZOFEEOARBEHT AL, SRAEF—(EREKE OB EHRHETN 5
M 5T, A VOBHIALF-DETEEETE 5, BL, ZhiRJEEAEZS
DAy Va2 DEHEELT 350 THY, EEOD entrainment RBEHLEITHRE
BObNTHACLELEELD L, BEBEHERETE I LIKIBESAN,

(5) SEEEH 25T - -HEATE, entrainment DHRESUEBRER+HHRT 0T,
RO B GERE AT 3 B EA S - 72 SIMMER — IO F A — 5 T & BT
Tid, 2554 vy VB EENNGES, $ROBER T SOEHT A F - EBKFMHT S
EEICH 3o C OEMD SRR FREF S OEIIGOEHE OIR VKB LT, SIMMER-I
I & AEBOFLERBEOEFERTHEE TS LEL B LPBTE D,

6) (BT~ BZEREORBEHICAL Tk, TOFROESFE LREMALLRE)



PNC SN 941 85— 44

L ORI 703, BITH~FK HIC entrainment 7355 4 DBER|ic (kT 3 1=, BICHEERE
EOBRBCLOBRSR -7, LOFEREREICHT T EUTEL D, X, S ORI O
RET D oORBADSHFEORBICH L THBERE S HT T &6 TEO,

M SBROIFAEOEBROBKICLY, ERF— Iy _R—2OBRBLE LN EATHD, 20
TRARRLOBERE A B SRS R 8 L T OB BBIT 0B 0L T2 < entrainment
DRELDFHLRPUCLVERESNB T &5, entrainment ORERN, BDRM72HEH
DHEE SN B,

8) —TRITY 1 KT, SBREMT 37— 9 N—2cild 2@ BRI £l 2 C &
tdk D, RERMICHSHESHBRE, EREMIT D — FITRIS €T LENS 3,

9 REIC, KRPLOERBECEYZEH - A VF —DERYROBEECTILREEL, &
BB TRE LIRKIEOEEL D b S SRS UNESPF TS 200 F s (L
735y b, FPHRTUF L0 /HE) B35 81 « Kk 3EmiEscld 3
SIMMER—1 DIRAEDHEEE 153,



PNC SN 941 85— 44

FRREDOEREICY D, PORETEZEONBIEMEKICES 5WBETHERAIL Tl v,
BFricEK i, KEPudue KFEEMT, Theofanous HiR D FTTRBBREE &L LT, FWETH
B7 L7z Omega KERTHML, AWIAKEL TS, SBRG OFMIEHR, By -2 08E, =
By —s OfR, BITEROBRECES LTESOFRUAPS TNV, X, AENER
HIE RIIREFPERRESROXMEIE - BHEPTH O, ARRICHLTHEELI A b
LAY b (TR



PNC SN 941 85~ 44

(1)

(2)

(3)

(4)

(5)

(6)

(7N

(8)

(9)

(10)

(11)

(12)

(13}

(14)

Z %

PLieTHE,  adEFRnZetclEd s RAMERREIE (58 —FLongRettic
B4 2R — " PNC SN908 84—02 (1984 ).

Marchaterre, J., et al., '"Work-Energy Characterization for Core-
Disruptive Accidents,"” Proc. Int. Mtg. on Fast Reactor Safety and
Related Physics, Chicago, Illinois, October 5-8, 1976,

Meyer, J.F., et al., "An Analysis and Fvaluation of the Clinch
River Breeder Reactor Core Disruptive Accident Energetics,"
NUREG-0122 (1977).

Smith, L.L., et al., "SIMMER-II: A Computer Code for LMFBR Dis-
rupted Core Analysis," NUREG/CR-0453, LA-7515-MS, Rev. (1980).

Bell, C.R., et al., "Advances in the Mechanistic Assessment of
Postdisassembly Energetics,"” Proc. Int. Mtg. on Fast Reactor

Safety Technology, Seattle, Washington, August 19-23, 1979.

Bell, C.R., et al., "SIMMER-II Analysis of LMFBR Postdisassembly
Expansion," Int. Mtg. on Nuclear Power Reactor Safety, Brussels,
Belgium, October 16-19, 1978.

Bell, C.R., et al., "Impact of SIMMER-II Model Uncertainties on
Predicted Postdisassembly Dynamics," NUREG/CR-~1058, LA-8053-MS
(1979).

iRk, fHR, "SIMMER— 1 3 — Fiz & 3/EAUFD HCDA Energetics 84 ” PNC ZN241
80— 08 ( 1980 ),

BH, fib, © SEBMEFERE [&A Cw ] HDCA BT, SIMMER-I12 —rFic & 3 F0HE
BOEEBIET AR, * PNC ZNO41 82—55 ( 1982),

1EH, i, " EERREEYR [6A U » ] HDCA 47, SIMMER—I 2 — NIz k B R0
% OIRBIE/ Y5 X — & filh7,  PNC ZN94l 82—62 (1982),

Basdekas, D.L., et al., "A Quantification Testing Program Plan for
SIMMER,'" NUREG-0457 (1978).

Scott, J.H., "Overview and Status of the SIMMER Testing Program,"
Froc. Int. Mtg. on Fast Reactor Safety Technology, Seattle,
Washington, August 19-23, 1979,

Smith, L.L., et al., "SIMMER as a Safety Analysis Tool," Proc.

IMFBR Safety Topical Meeting, Lyon-Ecully, France, July 19-23,

1982,

Saito, M. and Theofanous, T.G., "The Termination Phase of Core

Disruptive Accidents in LMFBRs,'" Specialists' Workshop on



PNC SN 941 85 —44

(15

(16)

an

(18)

(19)

(20)

(21)

Predictive Analysis of Material Dynamics in IMFBR Safety Experi-
ments, LA-7938-C, Los Alamos, New Mexico, March 13-15, 1979.
Theofanous, T.G. and Saito, M., "The Termination Phase of Core
Disruptive Accidents in LMFBRs," Proc. Int. Mtg. on Fast Reactor
Safety Technology, Seattle, Washington, August 19-23, 1979.
Theofanous, T.G. and Saito, M., "The Termination Phase of Core
Disruptive Accidents in LMFBRs First Annual Progress Report,"
PNE-79-146, Purdue Univ., (1979). '

Simpson, J.J., Saito, M. and Theofanous, T.G., "The Termination
Phase of Core Disruptive Accidents in LMFBRs 1980 Annual Report,"
PNE-81-151, Purdue Univ., (1981).

Speis, T.P., et al,, "Studies of Core Disruptive Accidents and
Licensing Aspects of Fast Breeder Reactor,” Annuals of Nuclear
Energy, Vol.3, 175-189 (1976). .

LH, =, 54 ¢ BEEEEEE b A U o KENFLEHSEERAEAT) - SAS3D, VEN
US—PM2itEa—Fick? HDCA#r—, » PNC ZN941 82— 75 (1982 ),
Bell, C.R. and Boudreau, J.E., "Application of SIMMER-I to the
Postdisassembly Fluid Dynamic Behavior within an LMFBR Reactor
Vessel," Los Alamos National Laboratory report to be published.
Bell, C.R. and Boudreau, J.E., "Heat Transfer and Thermal Losses

in Above—Core Regions,” 2nd Int. Seminar on Containment of Fast

- Breeder Reactor (CONFABRE-2), Berlim, Germany (1979}.

(22)

(23)

(24)

(25)

(26)

(27)

(28)

Theofanous, T.G. and Bell, C.R., "An Assessment of CRBR Core
Disruptive Accident Energetics," NUREG/CR-3224, LA-9716-MS (1983).
Bell, C.R., "SIMMER-I: An S, Implicit, Multifield, Multicomponent,
Eulerian, Recriticality Code for LMFBR Disrupted Core Aqalysis,"
LA-NUREG-6467-MS (1977).

Bell, C.R. and Boudreau, J.E., "SIMMER-I Accident Consequence
Calculations,” Trans. Am. Nucl. Soc., Vol.27, 555 (1977).
Henninger, R.J. and Alcouffe, R.E., "Disassembly Phase Energetics:
An Examination of the Impact of SIMMER Models and Assumptions,"
NUREG/CR-1027, LA-7998-MS (1979).

Schmuck, P., "The Postdisassembly Expansion Phase in HCDA Analysis
(SNR-Type Reactor),'" PSB-754, (1980). _
Schmuck, P., "The Postdisassembly Phase in LMFBRs: SIMMER Results
and Their Evaluation,” Proc. LMFBR Safety Topical Meeting, Lyon-
Ecully, France, July 19-23, 1982, '

Wallis, G.B., "One-Dimensional Two-Phase Flow," McGraw-Hill Book



PNC SN 941 85 —44

Co., New York, 1969.

(29) Tobin, R.J. and Cagliostro, D.J., "Effects of Vessel Structures on
Simulated HCDA Bubble Expansions,™ SRI Techniecal Report No.5,
Contract No. EY-76-C-03-0115 (1978).

{30} Rexroth, P.E. and Suo-Antilla, A.J., "SIMMER Analysis of SRI High
Pressure Bubble Expansion Experiments," Specialists' Workshop on
Predictive Analysis of Material Dynamics in LMFBR Safety Experi-
ments, LA-7938-C, Los Alamos, New Mexico, March 13-15, 1979.

(31) Bott, T.F. and Bell, C.R., "SIMMER Analysis of SRI Postdisassembly
Expansion Experiments,"” Proc. LMFBR Safety Topical Meeting, Lyon-—
Ecully, France, July 19-23, 1982.

(32) Suo-Antilla, A.J., "Analysis of Postdisassembly Expansion Experi-
ments," Proc. Int, Mtg. on Fast Reactor Safety Technology, Seattle,
Washington, August 19-23, 1979.

(33) Wwilhelm, D., et al., "A Simulant-Material Experimental Investiga-
tion of Flow Dynamics in the CRBR Upper Core Structure," NUREG/CR-
2866, LA-9478-MS (1982).

(34) Chapyak, E.J. and Starkovich, V.S., "The Role of Similitude in the
Design of LMFBR Safety-Related Simulation Experiments," Proc. Int.
Meeting on Fast Reactor Safety Technology, Seattle, Washington,
August 19-23, 1979,

(35) Wilhelm, D., et al., "Upper Structure Dynamics Experiment and
Analysis," Trans., Am, Nucl. Soc., Vol,38, p.375, 1981,

(36) Wilhelm, D., et al., "Expansion of Flashing Fuel Simulants into
the Upper Core Structures Using CRBR and SNR Geometyies," Proc,
IMFBR Safety Topical Meeting, Lyon-Ecully, France, July 19-23,
1982. ’

(37) Suo-Antilla, A.J., "Nuclear Reactor Safety Quarterly Progress
Report October 1 — December 31, 1979," NUREG/CR-1516, LA-8299-PR,
(1980).

(38) Rexroth, P.E., "Nuclear Reactor Safety Quarterly Progress Report
QOctober 1 -~ December 31, 1978," LA-7769-PR, NUREG/CR-0762, (1979).

(39) Frosch, H.G., "SIMMER-II Calculation of COVA-Experiments," Proc.
International SIMMER Workshop, Karlsruhe, Federal Republic of
Germany, July 12-14, 1983, |

(40) Casadei, F. and Dalle Donne, M., "Experimental Investigations on
the Accelerated One~Dimensional, One-Phase Flow and on the Forces

Against the Dip-Plate and the Upper Reactor Plug During the



PNC SN941 85 —44

Expansion Phase,” Proc. International SIMMER Workshop, Karlsruhe,
FRG, July 12-14, 1983.

(41) Dalle Donne, M. and Tartaglia, G., "Accelerated Two-Phase Flow
Tests Through Perforated Plates," Proc, International SIMMER
Workshop, Karlsruhe, FRG, July 12-14, 1983.

(42) Royl, P., "THINA OQut-of-Pile Experiment Injecting Thermite into
a Sodium Plenum," 2nd Franco-DeBeNe-PNC Working Meeting on LMFBR
Safety, PNC SD083 83-03, Tokyo, Japan, November 21-25, 1983,

(43) 4z, fh * ERALHRB- 4, KEEHOLEEER, AEFRASE,

PNC SN94i 82 —70 (1982).



